Brief commentaryFecal microbiota transplantation (FMT), where feces from a 'healthy' donor is transplanted into a person with illness, has been increasingly investigated for its therapeutic potential in patients with inflammatory bowel disease (IBD). However, FMT clinical response rates have been highly variable, and to date, the long-term safety of the procedure remains unclear. The term autologous-FMT (a-FMT) refers to the use of one\'s feces during a healthy state for later use to restore gut microbial communities after perturbation. Herein we review the available literature for a-FMT, and describe the considerations for the implementation, and benefits, of a-FMT for patients with IBD.Alt-text: Unlabelled box

Introduction {#sec0001}
============

The human gut microbiota (hGM) is comprised of bacteria, viruses, fungi, protozoa and archaea, which collectively, may have functionally distinct proinflammatory or anti-inflammatory roles, as described in animal models.[@bib0001] Alterations in the compositional balance of microbial communities, also termed "dysbiosis," has been hypothesized to play a central role in human diseases. However, the causal connection between the gut microbiome and the pathogenesis of human diseases remains uncertain, as pathogenicity studies with animal models have been deemed implausibly biased, "exaggerating causality."[@bib0002]

Irrespective of the complexity of understanding of the role of the gut microbiome in complex multimodal diseases,[@bib0003] fecal microbiota transplantation (FMT), where feces from a \`healthy" donor are transplanted into a patient (\`\`heterologous-FMT"; h-FMT), has been increasingly investigated as a treatment option to help restore the functional balance between pro- and anti-inflammatory microbial communities. In clinical practice, h-FMT has proven highly successful for the treatment of recurrent *Clostridioides difficile* infection (CDI), with cure rates of up to 90%.[@bib0004] ^,^ [@bib0005] By contrast, the clinical response rate from h-FMT in patients with inflammatory bowel disease (IBD) has been less impressive (clinical remission ranging from 24% to 50%).[@bib0006] Moreover, some studies have reported a worsening of IBD activity in patients following transplantation of \`\`healthy" donor feces.[@bib0007]

Studies indicate that FMT response in IBD depends on the composition of the donor microbiome,[@bib0008] ^,^ [@bib0009] leading to the perhaps overly simplistic notion of \`\`super-donors," which by definition, are people who have gut microbiota that induce a beneficial response in numerous individuals when heterologously transplanted into patients.[@bib0010] While identification and characterization of \`\`super-donors, could help researchers to refine h-FMT formulations and improve clinical efficacy, the use of heterologous stool does not prevent the infectious/safety concerns of h-FMT. Thus, there is a need for clinical rationalization and solutions to the causes of poor FMT response in IBD, while addressing safety concerns.

Current h-FMT donor screening practices focus on safety, by excluding known pathogens, however, the long-term safety of the procedure remains unclear. Microbiological safety in IBD is relevant considering the frequent use of corticosteroid, immunomodulators, and anti-TNF-alpha antibody therapy in these patients.[@bib0011] ^,^ [@bib0012] Especially, after the recent FDA report of mortality and morbidity in immunocompromised patients due to an FMT-acquired enteropathogenic *Escherichia coli* infection, as well as other reports of Shigatoxin-producing Escherichia coli, following the investigational use of FMT.[@bib0013] More recent studies documenting the presence of the respiratory SARS-CoV-2 (COVID-19) virus in the stool of infected individuals,[@bib0014], [@bib0015], [@bib0016], [@bib0017], [@bib0018] also further illustrate the need for proper screening and selection of donor stool for FMT. Since the presence of pathogens in donors could alter/influence the response in patients,[@bib0019] ^,^ [@bib0020] improved strategies to avoid the risk of unwanted infections are needed.

FMT has been proposed to revert dysbiosis in the gut microbial community of the patient, however, it is unclear whether dysbiosis is a cause or a consequence of IBD. Recently, studies of the long-term dynamics of the IBD microbiome indicate that the gut microbiome transitions over time between dysbiotic and healthy states.[@bib0021] In this context, our studies with germ-free animals transplanted with hGM experimentally demonstrated that the effect of FMT response in mice varies across donors, and it is person-specific, and not IBD-specific.[@bib0022] ^,^ [@bib0023] Since FMT response variability is presumed due to factors intrinsic to the person as a donor (genetics, diet, other environmental exposures),[@bib0024] there is a need to control for such factors, and most importantly to further study the therapeutic potential for autologous FMT (a-FMT). The implementation of a-FMT, where the patients' own stool is banked during a time of \`\`health" (eg, remission, when a patient is not experiencing symptoms), as an alternative solution to circumvent the risks associated with heterologous donor stool, could be a valuable clinical strategy to improve FMT response rates, while fully abolishing infectious/safety concerns. Herein, we review the benefits and considerations for a-FMT in IBD. Where possible, we report confidence intervals (CIs) to facilitate interpretation of data.

Overall clinical effect of FMTs {#sec0002}
-------------------------------

For the treatment of recurrent and refractory CDI, h-FMT has proved to be a highly clinically effective and cost-effective therapy, with a meta-analysis of studies reporting a 92% (95% CI, 89%--94%) clinical resolution rate compared to the use of one of the first choice antibiotics against CDI, vancomycin (relative risk:0.23, 95% CI = 0.07--0.80).[@bib0004] Differences in CDI cure rates have, however, been observed between the lower (enema-colonic) vs upper (oral-gastric) gastrointestinal tract delivery (95% \[95% CI = 92%--97%\] vs 88% \[95% CI = 82%--94%\], respectively).[@bib0004] Even for the treatment of CDI in patients with underlying IBD, arguably comparable FMT success rates have been reported, with a recent meta-analysis showing an initial cure rate of 81% (95% CI = 76%--85%), and overall cure rate of up to 89% (95% CI = 83%--93%).[@bib0025]

The treatment of IBD with h-FMT to induce clinical remission has, however, been less effective,[@bib0026], [@bib0027], [@bib0028] with clinical remission rates ranging from 24% to 50%.[@bib0006] In a recent meta-analysis,[@bib0026] encompassing 53 studies, only 36% (201/555, 95% CI = 32.2%--40.4%) of UC and 50.5% (42/83, 95% CI = 39.4%--61.8%) of CD patients achieved clinical remission (primary outcome, as described by the respective study authors). Heterogeneity was moderate in the meta-analysis of cohort studies and that of the four included randomized controlled trials (RCTs) in UC. Of concern, some studies have reported worsening of IBD activity following h-FMT, with a recent meta-analysis revealing a rate of worsening, defined to include escalation of medical therapy or surgical intervention after FMT, of 14% (95% CI = 10.0%--21.0%).[@bib0007] Such discrepancies in h-FMT success could be due to temporal and spatial variability of the hGM for both donors and recipient populations.[@bib0029]

The effectiveness of FMT has been mostly examined using microbiome sequencing technology, primarily 16S rRNA gene sequencing (used to study bacteria), with less studies focusing on the role of nonbacterial microbiome members (viruses, fungi). Positive clinical outcomes in IBD have been associated with donor microbiome composition, specifically higher bacterial richness,[@bib0008] ^,^ [@bib0026] ^,^ [@bib0030], [@bib0031], [@bib0032], [@bib0033], [@bib0034] as well as increased relative abundance in butyrate-producing *Clostridium clusters IV* and *XIVa* (eg, genera from the *Ruminococcaceae* and *Lachnospiraceae* family).[@bib0008] ^,^ [@bib0009] ^,^ [@bib0030] ^,^ [@bib0035], [@bib0036], [@bib0037], [@bib0038] However, analysis of microbiome data from three completed IBD h-FMT trials[@bib0039], [@bib0040], [@bib0041] showed there was no association between the presence and abundance of butyrate-producers in the feces of donors and the clinical response after h-FMT, suggesting that butyrate alone is not sufficient as a predictor for FMT efficacy.[@bib0042] In addition to the microbiota, some studies have suggested that the donor virome (\`\`phagebiota") and fungal composition[@bib0043] ^,^ [@bib0044] play a critical role in determining h-FMT success,[@bib0044], [@bib0045], [@bib0046], [@bib0047] although this appears to be disease specific, with studies demonstrating that phages are more relevant to FMT efficacy in CDI (eg, Cau*dovirales*),[@bib0043] ^,^ [@bib0048] compared to the presence of eukaryotic viruses in donor stool for UC.[@bib0049] In addition to the relevance of the donor microbiome, studies showed that the gut microbiome composition in the recipient also plays a role in their clinical response to h-FMT.[@bib0050] ^,^ [@bib0051] Thus, antibiotic pretreatment of recipient patients has been effectively used to eliminate the potential competitive advantage of existing microorganisms facilitating the colonization by microbes present in the transplanted feces.[@bib0052], [@bib0053], [@bib0054]

To improve FMT response, there is a need to control for person/microbiome variation. In FMT studies for CDI, interindividual heterogeneity in donor stools do not seem to affect clinical response (cure) rates, and thus, does not play a role in donor selection.[@bib0055] ^,^ [@bib0056] However, in the case of more complex diseases, such as IBD, which involves a multi-faceted interaction between host and microbiome, donor stool composition is emerging as one of the most important factors in determining poor/variable patient response.[@bib0008], [@bib0009], [@bib0010] ^,^ [@bib0022] ^,^ [@bib0042] Supporting this, results of several h-FMT trials in IBD patients (active UC) have demonstrated significant treatment benefit from some donor stool, but not others.[@bib0008] ^,^ [@bib0009] Highlighting donor-dependence in h-FMT success, a double-blind RCT conducted by Moayyedi et al[@bib0008] in patients with active UC (where stools from 5 different donors vs placebo was used), showed that 78% of patients (7 out of 9) achieved remission (Mayo score ≤2 with an endoscopic Mayo score of 0 at week 7) from a single donor, while only 10% of patients achieved remission with the other donors, with 1 donor eliciting no success at all. These findings highlight that not all \`\`healthy" people are \`\`good" donors, or that their microbiomes can be considered comparably \`\`anti-inflammatory," and further emphasize the variable nature of the human gut microbiome. Furthermore, findings emphasize the importance of proper selection of donors to improve the likelihood of FMT clinical response, if heterologous stool is to be preserved as the central strategy for microbiome therapeutics. Notably, autologous reconstitution of the gut microbiota has proven effective to restore depleted commensals following antibiotic treatment[@bib0057] ^,^ [@bib0058] and is often used as the placebo FMT treatment in RCTs on the basis that it is most physiologically relevant.[@bib0059]

Autologous-FMT as placebo for heterologous-FMT research vs. enhanced clinical benefits {#sec0003}
--------------------------------------------------------------------------------------

Autologous FMTs have been used for clinical and research purposes. To date, the primary clinical benefit of using autologous samples is that it circumvents current safety concerns regarding infectious pathologies, an important concern, especially in high-risk populations such as the elderly, those with co-morbidities and immunocompromised patients. For instance, in hematopoietic stem cell transplantation patients, a high-risk population due to immunodeficiency, autologous reconstitution of the gut microbiota after antibiotic therapy, using feces banked prior to initiation of antibiotic therapy, has proven highly effective.[@bib0060] ^,^ [@bib0061] Thus far, postantibiotic microbial reconstitution of the gut microbiome via a-FMT has been shown more effective than probiotics.[@bib0057] Here, a-FMT served as a safe and rapid approach to restoring depleted \`\`commensal" taxa and other community-level metabolic deficiencies that are associated with pathogen/indigenous microbial recolonization during the vulnerable period after antibiotic consumption.[@bib0057] ^,^ [@bib0058]

Current guidelines for RCT trials for FMT recommend the use of autologous transplants (\`\`a-FMT") as a placebo \`\`control" intervention treatment because it is assumed that autologous stool represents the most inert and physiologically similar research option compared to donor feces.[@bib0059] However, it is important to highlight that often RCTs collect samples from the recipient at the time of investigational FMT treatment, indicating that if patients are sick/ill at the time of FMT, their own sample would be unhealthy (presumably dysbiotic) and unable to have a beneficial effect. Therefore, most RCTs would be biased against autologous transplants as a therapeutic option, favoring h-FMT. In this context, our studies in germ-free animal model of IBD indicate that the feces of IBD patients in complete remission may have proinflammatory or anti-inflammatory potential, depending on the donor, and therefore autologous transplantation require further re-consideration for clinical purposes, well beyond the current use for research control purposes.

Several studies have used autologous transplants, collecting feces from the patient at time of treatment (when patient is presumed sick), as the comparative placebo control treatment to donor feces. Their findings highlight the therapeutic potential for a-FMT via two key concepts. First, the microbiome of a sick person can deviate from an \`\`inflammatory" (dysbiotic) state to an \`\`anti-inflammatory" (healthy) state. Second, the microbiome of a healthy individual can deviate from an \`\`anti-inflammatory" (healthy) state to that of \`\`inflammatory" state of dysbiosis, during which, FMT would result in a suboptimal clinical response.

In RCTs for irritable bowel syndrome (IBS) where h-FMT has been compared to autologous transplants as the control intervention, trials have provided dichotomous FMT clinical response data regarding the proportion of h-FMT treated patients who achieved a successful outcome, compared to the FMT response reported in those treated with autologous stool.[@bib0062] [Table 1](#tbl0001){ref-type="table"} summarizes data from available RCT, and illustrates that in most cases, although there is overlap of the predicted effects for h-FMT vs a-FMT (notice 95% CI lower and upper limits), often, autologous had a lower response rate, indicating that patients often recover on their own, without the need of FMT. However, the increased proportion of responsive patients to treatment indicate that FMT holds benefits beyond the basic baseline ability of patients to recover on their own. In this regard, the improvement of FMT by using a well-designed autologous fecal transplantation program, where banking of one\'s feces occurs during a healthy state for later use to restore gut microbial communities after perturbation, would improve the rate of responses in patients.Table 1Summary of outcomes from RCTs using feces for autologous-FMT collected at time of investigation for use as placebo vs heterologous-FMTTable 1Study designAchieved clinical benefit/remissionAuthorCase/controlDiseaseDonor screeningPrimary outcome and follow upHeterologous-FMT (95%CI)Autologous-FMT (95%CI)Johnsen[@bib0091]\
IBS55/28IBS-D 53%,\
IBS-M 47%pooled;\
2 healthy volunteersdecrease in IBS-severity scoring system \>75 points at 12 wks.\
R: colonoscopy, once3 mo: 65%\
(51.4%--77.8%)[\*](#tb1fn1){ref-type="table-fn"}\
\
12 mo: 56%\
(42.3%--69.7%)[\*](#tb1fn1){ref-type="table-fn"}3 mo: 43%\
(24.5%--62.8%)[\*](#tb1fn1){ref-type="table-fn"}\
\
12 mo: 35.7%\
(18.6%--55.9%)[\*](#tb1fn1){ref-type="table-fn"}Holvoet[@bib0092]\
IBS42/22100% IBS‐D or IBS‐Munpooled;\
2 healthy donorsself-reported questionnaire on symptoms at 12 wks.\
R: nasojejunal, once.50% (34.2%--65.8%)[\*](#tb1fn1){ref-type="table-fn"}29% (13.9--54.9)[\*](#tb1fn1){ref-type="table-fn"}Holster[@bib0093]\
IBS8/8IBS‐C 25.0%,\
IBS‐D, 56.2%\
IBS‐M 18.8%unpooled; healthy donordecrease in gastrointestinal\
symptom rating\
scale‐IBS of ≥30% at 2 and 8 wks.\
R: colonoscopy, once50% (15.7--84.3).\
\
Note: 66% (2/3) responded to \`\`donor 1" while 40% (2/5) responded to \`\`donor 2".12.5 (0.3%--52.7%)Kelly[@bib0063]\
CDI22/24≥3 CDI recurrences;\
course of\
vancomycin receivedunpooled; healthy volunteersresolution of diarrhea w/out need for further anti-CDAD therapy at 8 wks.\
R: colonoscopy90.9% (70.8%--98.9%)62.5% (40.6%--81.2%)\
\
Resolution after autologous FMT differed by site.Rossen[@bib0065]\
UC23/25Mild to moderate UCunpooled; healthy subjects (partner, friend, volunteer)clinical remission and endoscopic response at 12 wks.\
R: nasoduodenal, wk 0 and 3.At 6-wk: 26.1%\
(10.2%--48.4%)[\*](#tb1fn1){ref-type="table-fn"}\
\
12-wk: 30.4%\
(13.2%--52.9%)[\*](#tb1fn1){ref-type="table-fn"}6-wk: 32%\
(14.9%--53.5%)[\*](#tb1fn1){ref-type="table-fn"}\
\
12-wk: 32.0%\
(14.9%--53.5%)[\*](#tb1fn1){ref-type="table-fn"}Costello[@bib0066]\
UC38/35Mild to moderate UCpooled;\
healthy volunteers.steroid-free remission and 8 wks and 12 mo.\
R: colonoscopy followed by 2 enemas over 7 days.32% (17.5--48.7)[\*](#tb1fn1){ref-type="table-fn"}9% (1.8--23.1)[\*](#tb1fn1){ref-type="table-fn"}[^1][^2]

Exemplifying the variability of healthy human microbiomes, a meta-analysis of 5 RCTs for IBS showed no significant difference in IBS symptom improvement between h-FMT compared to placebo treatment encompassing autologous transplants or 'inert' capsules (RR = 0.98, 95% CI = 0.58--1.66); however, subgroup analysis showed that \`\`inert" placebo capsules were superior to h-FMT (2 pooled trials; RR = 1.96; 95% CI = 1.19--3.20), but, when administered via colonoscopy, h-FMT was superior to autologous stool (2 pooled trials; RR = 0.63; 95% CI = 0.43--0.93).[@bib0062] By comparison, a RCT of FMT for CDI demonstrated that, although the overall FMT cure rate for a-FMT patients was significantly lower (62.5%, 15/24 \[95% CI = 41.6%--79.6%\]) to that of h-FMT patients (90.9%, 20/22 \[95% CI = 69.2%--97.8%\]), cure rates differed by medical center, with one site achieving a cure rate of 90% (95% CI = 51.8%--98.7%) via autologous transplants compared to 91.7% (95% CI = 57.2%--98.9%) via donor stool (\`\`h-FMT").[@bib0063] Of note, comparison of patient cohorts by site showed that the site with the lower autologous stool cure rate had a significantly higher proportion of patients reporting prior probiotic treatment, although how this may have affected the observed differences in the pre- and post-FMT microbiome profiles between treatment groups by site was unclear.

Of the limited number of RCTs conducted for FMT in IBD (UC) to date,[@bib0008] ^,^ [@bib0009] ^,^ [@bib0064], [@bib0065], [@bib0066] only two have used a-FMT as the placebo comparator.[@bib0065] ^,^ [@bib0066] Using h-FMT vs a-FMT for treatment of mild-to-moderate UC, Roosen et al,[@bib0065] suggested that autologous stool could be as effective as healthy donor feces in inducing clinical remission (a-FMT 32%, 8/25 \[95% CI = 14.9%--53.5%\] vs h-FMT 26.1%, 6/23 \[95% CI = 10.2%--48.4%\]). Microbiome analysis showed no significant difference in baseline gut microbiota composition between recipient patient groups, whereas a significantly difference in donor and UC patient stool composition was identified. However, at 12 weeks of treatment, microbiome diversity was significantly increased in all FMT \`\`responders" (UC patients who achieved clinical and endoscopic remission) irrespective of whether donor or autologous stool was used. Analytically, a-FMT responders shifted away from nonresponders, but in a different direction to that of h-FMT responders, suggesting differences in the post-FMT effect on microbiota composition and clinical response when donor and autologous stool is used. By comparison, the recent RCT of Costello et al[@bib0066] in patients with mild-to-moderate UC found FMT achieved remission in 32% (12/38, 95% CI = 17.5%--48.7%) of h-FMT compared to 9% (3/35, 95% CI = 1.8%--23.1%) in a-FMT patients. From a methodological perspective, it is important to make a distinction of how a-FMT samples intended for placebo purposes have been handled differently to that of h-FMT stool samples. In their study,[@bib0066] donor stools intended for the h-FMT groups were prepared anaerobically (pooled from 3 to 4 donors at 16 different collection time points; from the 16 batches produced, each provided treatment for 1--7 participants), whereas, the autologous stool intended to be used as placebo a-FMT were processed aerobically (from a single time point), highlighting the potential for study and selection/test bias against autologous stool for FMT. Such fundamental methodological difference introduces a confounding factor (reducing the anaerobic diversity in feces for the a-FMT group) favoring the presence of anaerobic bacteria/microorganisms in stools intended for use in the h-FMT group of patients.

Conceptually, the clinical benefit observed in a-FMT placebo groups, where feces were collected from the patient at time of treatment (when patient is sick), suggest that a patients' own feces could hold therapeutic potential for administration during a disease flare in some patients if a fecal sample were to be collected/stored during a time of \`\`health" (eg, remission, when a patient is not experiencing symptoms).

Considerations on the selection of stools for a-FMT {#sec0004}
---------------------------------------------------

To date, there are no established guidelines or clear microbial/clinical parameters for the identification of appropriate donors and standardization of donor stool selection for h-FMT, or alternatively, for the 'optimal' timing for the collection and functional selection of feces intended for a-FMT. Since the IBD microbiome has been shown to transition from \`\`inflammatory" (dysbiosis) to \`\`anti-inflammatory" (healthy microbiome),[@bib0021] ^,^ [@bib0029] the observed benefit in the discussed RCTs support the need for proper selection of feces for transplantation.

While some studies have used single donor h-FMT, the variability in patient response based on donor stool has elicited others to consider the use of multiple, pooled donor stool inoculum. Pooling of donor stool has been proposed as a method to improve remission rates by limiting the chance for a patient to receive an \`\`ineffective"/\`\`inflammatory" stool sample.[@bib0067] However, clinical benefit in RCTs for IBD has been reported when multidonor-pooled[@bib0009] ^,^ [@bib0066] and single-donor-unpooled h-FMT protocols were used,[@bib0008] irrespective of the intensity/duration of FMT administration, stool preparation methods (anaerobic vs anaerobic, fresh vs frozen), or if donor stool came from healthy partners, relatives, or healthy volunteers. Specifically, in a double blind placebo controlled RCT[@bib0009] where an intensive dosing approach was combined with a multidonor pooling for patients with mild-to-moderate UC, post hoc analysis revealed a higher remission rate in patients treated with pooled h-FMT batches that contained stool from 1 specific donor compared to recipients whose h-FMT batches did not contain stool from that donor (37%, 14/38 \[95% CI = 21.8--54.0\] vs 18%, 7/40 \[95% CI = 0.73--32.8\], respectively). While findings are not surprising considering that multidonor pooling using a set of randomly selected donors will not ensure the inclusion of an \`\`effective" (anti-inflammatory) donor, or ensure the ability for one (or more) included \`\`effective" donors to \`\`outweigh" the effect of other \`\`ineffective" donors in a pooled sample, findings do emphasize that pooling of donor stool does not predict a reproducible h-FMT response. Moreover, it is less likely that the \`\`effective" donor microbiome will stay intact due to increased microbial interactions/incompatibilities which occur between transplanted microbiomes.[@bib0032] ^,^ [@bib0034] The problem of pooling samples is that it increases the risk of having a pool of potential pathogens that cannot be traced back to the donor, and therefore does not improve the safety of FMT compared to h-FMT from a single donor or the use of a-FMT (one/self-donor).

Diet compatibility has been proposed as a method to improve donor-recipient matching and durability of FMT response,[@bib0068] assuming individuals with the same diet would have compatible microbiota, and future trials should collect dietary data for better understanding of the role of donor diet on FMT durability post-FMT. In this regard, metabolic profiling could be used to guide the selection of fecal samples for FMT. Taking into consideration the temporal, variable behavior of the human gut microbiome[@bib0029] and the variability of FMT response, future stool selection strategies could consider more refined profiling methods such as metagenomics to determine community-level functionality of the banked stool and those currently deficient in the recipient, in combination with direct metabolite measurement (eg, SCFA, secondary bile acids[@bib0069]) which could serve as a superior proxy of community function. However, in the case of fecal samples for h-FMT, such methods would not account for host-dependent differences in absorption rates of target molecules (eg, butyrate), or other donor-dependent factors such as dietary habits, which are more likely to differ from those of the recipient.[@bib0042] Given that diet can change microbiome profiles in as little as 24 hours,[@bib0070] FMT protocols, whether using donor stool or the patients' own feces, may benefit from using dietary strategies both prior to stool banking and following stool administration, to support the transplanted microbiome, potentially extending the sustainability of the post-FMT microbiota.[@bib0071]

Functional assays, such as fecal calprotectin and myeloperoxidase activity, are used in IBD (humans, animals) to assess underlying host intestinal inflammation.[@bib0072], [@bib0073], [@bib0074] Previous preclinical studies have demonstrated that alterations in the gut microbiota, favoring proinflammatory communities, can sensitize mice to the development of several inflammatory diseases.[@bib0075] ^,^ [@bib0076] hGM-transplanted mouse models of chemically-induced colitis have also been widely used to elucidate the functional role of hGM FMT in IBD.[@bib0001] Thus, interested in using a functionality-based method approach for selection of donor stool, we conducted inflammation-based tests on germ-free animals. Our preclinical studies using germ-free mice transplanted with hGM support the notion that the IBD microbiome can periodically transition away from an \`\`inflammatory," dysbiotic state to that resembling an \`\`anti-inflammatory" healthy donor. Using feces from IBD (in clinical remission) and healthy control donors transplanted into a germ-free mouse model of spontaneous cobblestone/ileal Crohn\'s disease (SAMP1/YitFc), we showed (with optimal, \>90% engraftment of human taxa) that the hGM-FMT effect on mouse IBD-phenotype was independent of the disease state of the donor.[@bib0022] That is, feces from some IBD and some healthy donors did not affect the severity of intestinal inflammation in mice, while the other donors worsened inflammation. Comparably, Baxter et al[@bib0023] demonstrated, using a hGM-FMT mouse model of chemically induced colorectal cancer (CRC), that feces from some CRC patients can have an anti-inflammatory tumorigenesis effect in mice, whereas the opposite effect was seen with some healthy donors. Results highlight that the distinct, person-specific structure of the microbiome, and not the disease status of the individual (CRC patient vs healthy control) is associated with the functional effect of hGM FMT. Furthermore, results collectively emphasize that selection of fecal samples, regardless of whether for a-FMT or h-FMT, need to be tested using a functional assay, for instance preclinical hGM mouse models. [Fig 1](#fig0001){ref-type="fig"} provides a schematic overview of the current vs the approach herein proposed for FMT stool selection, whereby preclinical mouse models serve as a functional tool to determine the \`\`inflammatory" potential of human feces for heterologous and autologous FMT.Fig 1Schematic overview of the current vs. the proposed approach for selection of FMT stool. Figure illustrates that the current approach to donor stool selection for FMT perpetuates the unpredictability of patient clinical response in IBD, as well as the risk of exposure to infectious pathogens/pathobionts. By comparison, preclinical mouse models could help researchers determine the functional potential of a fecal sample prior to transplantation. By doing so, the likelihood of a beneficial clinical response to donor feces would improve, and, if used to test a patients' own feces (for use as autologous FMT), potentially abolish current safety concerns of the procedure.Fig 1

Collectively, preliminary preclinical and human evidence supports two concepts. The first is the use of hGM mouse models as a screening tool for hGM \`\`inflammatory potential," to help guide selection of \`\`anti-inflammatory" donor stool for use in FMT clinical studies, as a complimentary approach to current donor screening procedures. The second is the use of such preclinical hGM models for identification of \`\`anti-inflammatory" patient feces for a-FMT. That is, the use of hGM FMT rodent models to determine whether a fecal sample, isolated in the absence of inflammation, for instance, from an IBD patient during times of remission, holds \`\`anti-inflammatory" potential as a therapy for autologous (self) transplantation during times of a disease flare.[@bib0022] Similarly, such models could help guide personalized therapies, tailored to the individual patient, that will redirect the gut microbiome toward an \`\`anti-inflammatory" healthy state. Despite the benefits of using mice as functional avenues to guide FMT therapy, their implementation in clinical settings is expected to be challenging and/or possibly unrealistic at large scale.

Autologous transplants to reduce safety/infectious concerns for h-FMT {#sec0005}
---------------------------------------------------------------------

Despite generally low rates of reported adverse events, the most limiting caveat about FMT using whole donor stool is the concern of long-term safety of the procedure.[@bib0077] By contrast, autologous transplantation circumvents the potential for transmission of both communicable and noncommunicable diseases, as well the transfer of yet to be discovered microbial drivers of disease present in the gut microbiota. Autologous FMT also reduces the potential for donor-recipient microbial-interactions/incompatibilities which have been shown to influence strain engraftment outcomes.[@bib0032] ^,^ [@bib0034]

Current FMT donor selection procedures rely on available technologies for infectious (eg, cytomegalovirus[@bib0078]) and pathogenicity screening,[@bib0079] including the exclusion of donors testing positive for known antibiotic-resistant bacteria,[@bib0068] among several other factors.[@bib0013], [@bib0014], [@bib0015], [@bib0016] ^,^ [@bib0059] However, in an attempt to minimize the risk of infectious pathogen transmission, and the notion that a similarity in microbial composition might be more tolerated by the mucosal immune system of the patient,[@bib0028] most studies have selected h-FMT donors based on their genetic and environmental proximity (healthy adults or children family members) to the recipient.[@bib0080]

One highly relevant, example of exposure to unwanted life-threatening infectious pathogens present in donor stool is the recently issued FDA safety alert based on the documented presence of the respiratory causing virus SARS-CoV-2 (COVID-19) in the stool of infected individuals,[@bib0014], [@bib0015], [@bib0016] and in turn, the possible risk of transmission via FMT.[@bib0017] To avoid such risk, the FDA recommends using stool donated before December 1, 2019. For stool donated after this date, the FDA recommends additional precautions should be taken, including, (1) the inclusion of donor screening questions related to COVID-19 infection, (2) the testing of both donors and their stool for COVID-19 (as feasible), (3) development of criteria for exclusion of donors and donor stool based on screening and testing, and (4) to include information pertaining to the potential risk of transmission of the virus in the informed consent.[@bib0018]

Several preclinical studies in mice transplanted with hGM have demonstrated the transfer of host phenotype through microbiota transplantation.[@bib0051] ^,^ [@bib0081], [@bib0082], [@bib0083], [@bib0084] In this context, the potential for transmission of non-infectious diseases associated with microbially-derived metabolites present in donor stools has been hypothesized.[@bib0085], [@bib0086], [@bib0087] In particular, the association between dietary animal protein and trimethylamine N-oxide (TMAO) production, a bacterially-derived metabolite associated with cardiovascular risk modulation.[@bib0088] While machine learning has been proposed as a method to identify complex community signatures in healthy donor stool that could reproducibly distinguish/predict \`\`effective" donors and a phenotype/clinical response of interest,[@bib0032] ^,^ [@bib0042] ^,^ [@bib0089] ^,^ [@bib0090] such computational approach does not address current safety concerns of h-FMT.

Limitations of therapeutic benefit of FMT in IBD {#sec0006}
------------------------------------------------

The challenging component of a program of a-FMT is the implementation of a functional testing platform to enable the accurate identification of \`\`anti-inflammatory" fecal samples from an IBD patient because the nature of their disease makes them prone to be often inflamed, even in remission, as we showed.[@bib0022] Having a well-documented bank of autologous samples could be implementable among patients soon after diagnosis as a scalable measure to use therapeutic a-FMT, however, this may not be feasible for all facilities given the considerable resources required to maintain stool banking programs.

Although a-FMT holds therapeutic potential, it is possible that with the multi-factorial nature of IBD, a patients' own stool would not be able to effectively treat 100% of cases. IBD is a multimodal disease[@bib0003] (not infectious, and more predictable and responsive to FMT as with CDI) for which the complex nature of disease severity, including the person-specific temporal and phenotypic variability in gut microbiota, are analytically challenging to study and interpret. We have extensively discussed the multimodality of disease subtypes underlying IBD, from analytical perspective, elsewhere.[@bib0003]

Conclusion {#sec0007}
==========

Autologous-FMT is preferable to h-FMT to prevent infectious complications, however, there is a need to identify functionally optimal stool samples based on inflammation relevant to IBD. The implementation of a-FMT patient stool banks using functional assays, for instance hGM mouse models, to identify/confirm the anti-inflammatory potential of a fecal sample for use during a disease flare could be more clinically beneficial than screening banked fecal samples from multiple randomly selected healthy donors when needed.
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[^1]: R, route of administration and frequency of transplantation; mo, month; wk, week.

[^2]: 95%CI computed based on reported N/N using normal approximation to the binomial calculation.
